A survey was performed in Korea to monitor the prevalence of five bovine arboviruses [Akabane virus, Aino virus, Chuzan virus, bovine ephemeral fever (BEF) virus, and Ibaraki virus] in arthropod vectors, such as Culicoides species.
cattle disease, characterized by congenital abnormalities with hydraencephaly and cerebellar hypoplasia syndrome in Japan in 1985 and 1986 (20~24) . BEF, also called "three day sickness," is a viral disease caused by the BEF virus in the Rhabdoviridae family (18, 19, 25~29) . BEF is an acute febrile infection of cattle and water buffalo, which occurs in many tropical and subtropical regions of the world (30~32). The disease shows a wide spectrum of symptoms, ranging from imperceptible clinical signs to death. The economical impact of BEF is severe because of the effects on trade, both within and between countries (26, 32~34) .
Ibaraki disease is caused by the Ibaraki virus (IBAV), which belongs to the genus Orbivirus in the family Reoviridae (35, 36) . IBAV was first isolated from the blood of Japanese cattle in 1959 (37) . Clinical signs of Ibaraki disease in cattle include fever, anorexia, and deglutitive disorder (2, 37~39).
The first recorded outbreak of Akabane disease in Korea was in 1980 (40) . After the first isolation of Akabane virus, there were two major outbreaks in 1988 and 1990 (14) .
Aino virus infection was first unofficially reported in 1997, during an investigation of newborn deformities in calves in the southern part of Korea (17) . A Chuzan disease outbreak was first reported in 1993 in the southern part of Korea (41) and there was a major outbreak in 1999 (14) . BEF has a long history in Korea, as compared with the other bovine arboviral diseases. BEF virus was first isolated in Korea from diseased cattle in 1959 (42) . Eight strains of IBAV were isolated in 1993 (43) and it has been believed that IBAVs existed in Korea prior to 1993.
Culicoides biting midges are the major arthropod vectors for these five viruses. Culicoides species live in subtropical to temperate regions in the world and play an important role in transmitting pathogens to humans and animals (44) .
Culicoides species are reported to exist in the entire geographical area of Korea (45) . One research project examined Culicoides species percentages among arthropods vectors collected in specific areas in 1992 (46) . These research data also showed that Culicoides species apparently disappeared for a year in Korea.
Five of these bovine arboviruses have been isolated
from Culicoides biting midges or other arthropod vectors (22, 47~53) . Akabane virus was isolated from a biting midge, Culicoides oxystoma, collected from a cowshed in Kagoshima, Japan (49) . BEF viruses have also been isolated from Culicoides species on several occasions (52, 53) .
Chuzan virus was isolated from Culicoides oxystoma in Japan in 1988 (22) .
In Korea, an early warning system for Japanese encephalitis (JE) has been practiced. When JE virus are detected in arthropod vectors, including Culex species, early warning signs are issued for JE. In this study, we evaluated the possibility of adapting the early warning system for bovine arboviral diseases, through the detection of arboviral genes in arthropod vectors, primarily from Culicoides species. Specifically, methods for viral genes detection from arthropod vectors were evaluated for five bovine arboviral diseases. After evaluation of the detection methods, viral genes were monitored from Culicoides species samples collected from 2006 to 2008.
MATERIALS AND METHODS

Samples
Culicoides species were collected from around the country from 2006 to 2008 in Korea. Trap lights were installed in the field to collect Culicoides species. Collected arthropods were sieved to separate Culicoides species, 1~3 mm in size, from other bigger mosquitoes and insects.
Culicoides species (30~40) were pooled in one sample.
These were frozen at -20℃ until used. Culicoides species were pooled (30~40) and added to 2-ml containers with ceramic beads. Samples were ground for 30 s with 1 ml of cold phosphate-buffered saline (PBS). Ground samples were centrifuged (1 min, 4℃) and supernatants were harvested for RNA extraction.
Viruses and cells
Vero cells were maintained in minimum essential medium were propagated at 37℃ in Vero cells. Virus titers were determined in Vero cells using the Reed-Münch method (54) .
RNA extraction and PCR amplification
RNA was extracted using an RNeasy mini-kit (Qiagen, Valencia, CA, USA) according to manufacturer's instruction.
RNA was eluted in 40 μl distilled water. Oligonucleotide primers were commercially synthesized and are listed in Table 1 . RT-PCR and nested PCR amplification primers for Akabane and Aino virus were adapted from established methods for detecting Akabane viral genes from cattle (55) .
These were designed to amplify S segment of Akabane and Aino virus. RT-PCR primers for Segment 5 of Chuzan virus and for N genes of BEF virus were adapted from the annual report of the NVRQS research project (14, 56) .
Primers for Segment 3 of IBAV were chosen from previous reports (57) . RNA (5 μl) was used for RT-PCR using the One-step RT-PCR kit (Qiagen). Nested PCR primers for Chuzan virus, BEF virus, and IBAV were newly designed for this study. Viral genes were amplified using the following conditions: reverse transcription at 50℃ for 30 min; after an initial denaturation at 94℃ for 2 min, 35 cycles of denaturation at 94℃ for 30 s; primer annealing at 58℃ 
RESULTS
Detection limit of five bovine arboviral genes by
RT-PCR and nested PCR
It is difficult to isolate bovine arboviruses from cattle, because the duration of viremia is very short and the virus often passes unnoticed (58) . To determine the feasibility of showed that the detection limit was 10 1.5 , 10 2.8 , 10 2.0 , 10 1.8 , and 10 4.0 TCID 50 /ml for Akabane virus, Aino virus, Chuzan virus, BEF virus, and IBAV, respectively ( Table 2 ). When nested PCR was performed using 1 μl of PCR product, the detection limit increased, to 10 0.05 , 10 1.8 , 10 1.0 , 10 0.008 , and 10 2.0 TCID 50 /ml for Akabane virus, Aino virus, Chuzan virus, BEF virus, and IBAV, respectively (Table 2) . Thus, nested PCR increased the sensitivity of the virus detection by 1~2 log.
Detection limit by spiking Aino and Ibaraki virus into Culicoides species supernatant
To quantify interfering activity of RNA from Culicoides species in RT-PCR amplification, we spiked Aino and Ibaraki virus into Culicoides species supernatant, which was (Fig. 1A) . In the case of IBAV, the detection limit was 10 4.0 TCID 50 /ml for PBS-diluted virus or 10 5.0 TCID 50 /ml for Culicoides species diluted virus (Fig. 1B) .
Because there was not much difference in RT-PCR amplification results between the two virus samples, interference from Culicoides species RNA was apparently negligible.
Spiking tests for Akabane, Chuzan, and BEF virus were not performed because of the shortage of Culicoides species supernatant; however, we assumed that the results would be similar to the remaining three viruses. (Table 3) . In this study, we evaluated the possible application of an early warning system for bovine arboviral diseases using methods for the detection of viral genes in arthropod vectors, such as Culicoides species. We may be able to apply this detection system as an early warning system against these bovine arboviral diseases, because we would be able to detect the genes of five bovine arboviruses in arthropod vectors.
Bovine arboviral genes prevalence in Culicoides species samples
Homology analyses of positive PCR products
Overall, the status of these five bovine arboviral diseases is non-threatening and they do not need to be dealt with as a high priority; however, with the emerging issue of global warming, there is an increasing need to re-evaluate aspects transmitted by these vectors, and to share the information with neighboring countries. It is likely that this information will be needed to prepare for expected increases in animal viral diseases related to global warming and climate change.
